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Summary 

The Lyman Imaging Telescope Experiment (LITE) is a UV Branch funded 
advanced mission concept proposal funded over a 12-month period. The prime 
scientific aim of the LITE mission is to carry out the first set of very high spatial 
resolution (0.2 arc sec), wide field of view (10 arc minute), pointed astronomical 
observations in several narrow wavelength bands in the far ultraviolet region of 
the spectrum (900 - 1600A). The design of LITE has been chosen to possess 
excellent detection sensitivity, such that limiting magnitudes for typical images 
are expected to be close to that of the HST WFPCII instrument. 

Although we have worked on the design of the LITE instrument for only one 
year, we believe that work has progressed well in defining the LITE advanced 
mission concept. We have held two LITE Science Team meetings at Berkeley in 
December 1995 and May 1996. The members of the team were: Prof. C. McKee 
[Berkeley], Dr. J. Hutchings [DAO, Canada], Dr. R. Winterbros [New Mexico 
State], Prof. E. Wright [UCLA], Dr. Carol Christian [STScI] and Dr. R. Polidan 
[GSFC]). They met with the EAG core team-members (Dr. Pat Jelinsky, Dr. B. 
Welsh and Dr. O. Siegmund) to discuss some new approaches to the original 
mission plan and to discuss changes to to the originally proposed instrumental set- 
up, particularly on the topics of choice of filter pass-bands in the FUV and on- 
orbit observational strategies. 

Two wavelength regions in the far UV were chosen to be of prime scientific 
importance for the LITE mission: 1030A and 1240A. It was therefore decided to 
design and test novel, narrow band, high reflectance multilayer filters for these 
observations. We are currently progressing with the initial fabrication of these 
FUV filters which are a central part of the LITE mission. A paper outlining the 
salient features of the LITE Mission was presented at the SPIE meeting in 
Denver, Colorado in August 1996. A copy of this paper is attached. 
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1.0 INTRODUCTION 
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present, astrophysicists have vety little empincal knowledge of £ spS charaaensS “e. image") “f 


0-8 194-2 795-2/96/56 . 00 


SPI6 Vol. 280/ / i 1 
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2.0 technological challenges 


llli^ 

precision FUV photometry. Furthermore nil c„rh m eiectors a nd narrow-band (tunable) filters for 
Of minimizing scattered light from the i n ten i ^ T ments have t0 overcome the severe problem 

Jiish RJ^pho,o„ P ^u^ing di^ nOT ? S ^b C ^d S ro^'fil f terdlsiS a ^ i^-e'fomat- 1 
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noed R & D programs. u ’ 'JKFEUS 10 , and through several NASA 

straw-ma'n fnamme^concepf ihf° mM^Khe fc"°" ■°hT UTE SCience ‘ eam m developing a 
spaual resolving power in Che 900 1 6(»A waleV^,n eqU,red J? ,ec,ion ^nsitivicy, field of vie w a „d 
bosed on Che desire Co resolve individual OB sTrlh^s 8 nSe ' The choice of 0.2" spatial resoS is 

bLetatm’ t sV M ° W “ tire 8alMies aad clustt^ 5 dis“ cesTw M^h ^ « alaxi “' A field 
oaseiine LliE instrument complement consktc J V i aistances > 10 Mpc to be imaged. The current 

photnSrde^ 

P alh b J ™ eans of a nicer wheel !™r e rabte P mv oh 1 ?^ reflec “ on fil,ers - eac b insened'iSc ^telighe 
enure 900 - 1 600A wavelength ™Je The S n ! S?T e T obse ™c,ons to be carried out over fhe 

fih^d^s^^^^'^^^^^hSlhs In^ddition° w 1 * 1 h ° pPaa * 'o^^a^eve^unma^ed^b^ar^y 
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3.0 INSTRUMENTATION 

L 1 , Th ® LIT E Telescope System 

of 0.2" over a field^ifwonO^S^^ de ri Sired high Spatial resolutj or, 

bmiung magnitude, spatial resolution, and minimization of trade ; otfs between field-of-view. 

bou, coma and spherical aberration am conected ,o Such a **■ 

is 2.5m, whicMf "SraUyVSTo fit easil^hlio tta^shV d 5 °f C "h 71,6 0Vera11 le "« th of lhe system 
hunch vehicles such as the OSCTauras launch Ed&jKfS™* " ew N , ASA series of 

1. Spot diagrams produced by ray tracinn through th** Si * f th t 5^ SC0 P e la y<mt is shown in Figure 
image size of only 0.3 pm which blu s to only Zm \ f,Uer system P redict a " on-Lis 
perfect system. The ultimate (pracX iSfcStS Cd f \°^ e 10 ' field of ^ for an optically 
FUV elector resolution (i.e. 15pm ^ SyStem wiH be d °™natedby the 
detector mis-ali s „,„em of a, leas, 200pm is needed to a£ST“ *“ ' 
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TAB LE 1 : LEE Mission Parameters 


Telescope 


lm diameter SiC coated Ritchey-Chretien - 

f/2.4 Hyperboloid Primary Mirror 

17.4 cm diameter, f/2.7 Secondary Mirror 


Detector System 50 mm x 50mm open circular MCP intensifier 

cross-delay line anode readout (8192 x 8192 pix) 
CaF2 transmission & multilayer reflection filters 


Instrument Bandpass 900 - 1600 A in 5 filter bands 

Filter 1: 977 A 
Filter 2: 1036A 
Filter 3: 1240A 
Filter 4: 1395A 
Filter 5: 1550A 

Limiting Magnitude V = 19.5 


Positional Resolution 
Spatial Resolution 
Field-of-View 


~ 15p.m FWHM in x and y 
< 0.2 arc sec 
10 arc min 


3.2 The FUV Filters 

Our baseline instrument configuration will consist of five narrow band (< 50A FWHM) multilaver 

taerfeXe nf C T red a ‘ w “ veIenSlhs between 900 "> d 1600A “ toed in Table 1 NaZ, ffi 
interference filters for use in the ultraviolet region longward of 1250A have onlv recently become 

layeiS of a conventional meul-dielearic-melal 
sandwich filter with high efficiency dielectric coatings (such as LaF2, MgF 2 or BaF 2 ) has been shown 

lowSfnf y re f dUCe absor P tlon - Such fil ter coatings consist of quarter wave (QW) stacks of hi«h and 
V l refr ?. Ctl0n n mat ? na l- S ’ often with > 20 layers. This technique has recently bSn used m 
produce high quality reflection filters with reflectivities of ~ 80% over a narrow bandwidth of only 

nWS H.a WeVer ’n CUaSe f Ch flUerS need t0 effectiveI y block leaks from longer wavelengths we shaU 
6 4 £ d 8 h r f S r ^ ectlons trom identical multilayer filters to achieve good out-of-band rejection < 
1U- %, while still maintaining high levels of in-band reflectance. 

'inX 8 "'rf in lhe Speclral t"" 1 912 ' 12 5 oA is more problematic than at other 
wavelengths, since no known solids are transparent below 1050A. Typical FUV transmissions of thin- 

havp^ 6 ^ 10 ^tcrs such as In, In/Sn and Sn/C are very low in this wavelength regime < 5% they also 
have inherently large bandwidths (AX - 30flA), and exhibit signs of degradation ov e ; StelyS 

Therefore we hivp P roc ^ sse ^°^ oxidation, carbon contamination and hygroscopic absorption D 

multilaver filter develnnm J ertaben a P r °g rarn of research into the development of new techniques in 

JiE , development tor use at wavelengths < 1250A. Although this research program is still in 

deS1Sned a noveI > narrow band filter combination for obse P rvations centered 
emiSS10n bne - doublet of NV at 1240A. In order to supress potential 
(1216A) our filter /W t i? n y scattenn S * rom the extremely strong closeby geocoronal line of Ly a 
halide crystal material II" tak T es advanta 2 e ot the dramatic transmission turn-on characteristics of the 

which cTeadv show ’ 2JV" vZ T Sh ° W the transmission properties of a 0.5mm thick crystal, 
ly shows the remarkably sharp transmission turn-on around 1225 A. When used in 
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transmission together with a commercially available reflection multi-laver filter (7 

of <10™ aulS' “ "“ T0W band ' Wldlh of FWHM 50A, and has an om-of-bLd rejecS 



Figure 2: transmission of 0.5mm CaF 2 


Figure 3: reflection throughputs for 
NV and OVI filters 


We are also actively investigating choices of various multilayer filter materials for possible use at 
velengths < 1 150A, in particular at 1035A which would be suitable for observations of emission from 

tatt“aKS n“ y , '? POrUml T of °Y [ -, program of research iiTwe?r4nTme„TTbo,iT 
H . bm re ^ ractlve indices of LiF and In in this short wavelength regime together with their 

h^fiwardT'^A^ThY^ 111 ^ nT in6 t UF c K s L al ^ “"'y 30 Agrees move! the Sn wavdengi 

wawlenpth of FTTVTh ™ at / n ^ ute that couId be used m schemes for varying the central operating 
wavelength of FUV filters such that astronomical objects with red-shifts in the range z = 0 - 0 05 could 

ter com h U c o^^ved In&u«3 we show the theoretical reflection propels S such a muld-lajer 

of 30A^ F^rttfe i0 , n h (marked 0V i in Fl 2 ure ) which achieves an in-band reflectivity of - 0.2 with a FWHM 
30A. Further laboratory work is required to refine the exact properties of this FUV filter. 

3.3 The FUV Detector System 

The LITE detector is one of the key areas where recent advances in technology are providing th- 

nron£ C d n V? ipr0VementS “ instrument performance that allow new scientific areasto be explored 2 The 
p oposed dete ^ to r s>^tem is a novel but rational, extension of the detector systems built by the EAG at 

aiSoRFEUS p^c^Th^l ffp ' h f missions ’ and bui!ds on our previous experiences with the EUVE 
The format is sn LIT i E detecto [. is . a two dimensional photon counting, centroiding device, 

low rSmniV^T J electronically digitized to > 8192 x 8192 pixels. A KBr and/or Csl coated 

a muhflawr cross dehv ifnT pl ^ S ^ MCP ' s) P rovides detection and amplification, and 

open face detector f i T 6 ( ?? L) accom .P hsbes lhe P ositl °n readout. The basic design uses an 
P", taCe detector tor which we would use our prior detector construction techniques employing brazed 

vibratio^^ermal^cuum t ^ a ? d , l,ie asscoc ’ ated mount ' n 8 schemes have been proven reliable in 
ation, thermal \acuum, shock, and cleanliness tests tor numerous successful prior missions. 
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An opaque photocathode material is deposited on the MCP 7 -ctir.i* a ■ 

the photocathode, resulting in photoelectron emission -md t c k^ ^ incoming photons interact with 
giving an overall charge multiplication of ~ 2 x 0 ? ^ u Subse ^ uent char S e blanche in the MCP’s, 
the delay line anode. The XDL image readout has^n^H 8 ^ 0 ^ isdrifted from th e MCP output to 
required resolution and high counting rate performance Dela^lTneto?,^ 6 baS1S that “ can achieve the 
step process to cut the anode pattern inm VoTducto^ 

microwave substrate. The MCP charge pulse (~ 3 to 5 n^wi^M c i ! ayer * deposited on a low loss 
two sets of conductive fingers. The charge is divided anc * divided between, 

fingers in the X and Y axes which are S Z , f , 50% ^ XDL char ge collection 

event centroid positions are deduced from the signal t^vtd^e^^ 01 * 116 de,a u lines8 - X and Y photon 
line. The photocathode materials fnr ,w , ^ . ^differences at the two ends of each delay 

and are currently available. Local event co™nfo“rat^ extensively studied^ 

pm) have been achieved* 5 for low resistance MCP w £ T V°° event ^ r esel/sec (resel =15x15 

to devlop new ways in which the 2000 events/resel/sec level de f gredatl0n ot th e S ain - We are continuing 
to be achieved. ^ sec eve ^ °f performance that is required for LITE is 

plan to match P this frcafsu rfac^u ring burled With rad ‘ US ° f curvature of 41cm We 

ALEXIS and ORFEUS missies in which foci hannel P la * s - demonstarted by EAG on the 

(over 90mm) were used Detector Hat field imnolc curvatures of 7cm (over a 40mm area) and 50cm 

are stable. However, we pr^pore to achieve BSf byMCP flXed P a “ e ™ ***5 

leve! (a few %) as was attained low 

fibers of 8pm or smaller will also be reouired to JSSfth? he , SOHO ™ issi0n8 - Small pore MCP’s with 

common for large MCP's. All these prior factors are cSmnonimf SampUn S cnten a, a value not yet 
funded under the NASA SUVDDP program omponents of our ongoing studies currently being 



Figure 4: Schematic diagram of the LITE detector electronics system 
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I F LI J E E,ectronics System 

system, ,Cto g e si g „ais from the 

to recenUy been develope^UCB^AG °f f *"“«»* ™C. StoSS 

MHz event rates 14 . Detector science data i < rh^n , ?■ e ^ ol ‘ ltlon ’ and U P t0 320ns anode delays at 5 
LITE spacecraft bus data interface over highspeed" e J eclronics “sembly to the 
channels are used to transfer command and telemet^n^ f™ 1 data paths ' In additi °n. >wo serial 
Both serial channels will be controlled bv a cl™ 5 u 0n J t ° operate the detector sub-system 
instrument, and both are based on a 16-bit serial wnrH ^ A° d sam P le signals originating in the 
provide command and housekeeping activities to ooerntr nfrT' A moni ! or box electronics module will 
high voltage supplies will be provided Z B a Custom bui 
maximum current. The high voltaee simnt.VcoJ t,ngmeenn S Inc - with -6k V output and - 100uA 
whenever the detector is required to be "fumed 3nd Wil1 be ram P ed down to ~2kV 

cntena. 4 tumed-olf due to rate limit, stand-by mode, or other selection 

V-*™ address, and a s, obe. The 

nnl'<Jh em |f try tr ° m analo S signals provide monitors for vohapef S r h ' £h VOlta 2 e on and off commands 
pulse height analysis data is provided in the telemetry siren m?f’ ^ urrents ’. and temperatures. X and Y 

& A - 

4.0 LITE PERFORMANCE PARAMETERS 

Indium filler transmission, the detector quantum eVhcien^^K'i!' 5 t epulsiv 5 " rld transmission, Ihe 
-si t -r r — _Z_ uum etn ciency, and the back ground count rate. Usin* a 
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Figure 5: Comparison of the LITE 


sensitivity with other survey missions 
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imeTSc, and^a SSfO 68 iourcTln“ on ™ W ?' 2 f X 1(H SKradiMS ’ “ observance 
an mteraal detector background raie of 10 cLnSdue S T* a blur ?, dius of 0 035 arc min, and 
we derive a minimum detectable source count rate 0 fOOnsQ ymana / ndLy T? np8eocoronaIli:ies - 
mimm urn detectable flux of °. 873 x 10*4 photons cm 2 sec-^ !v^TV Unt ^ SeC ' WhlCh Corres P onds 10 a 
in which the predicted LITE sensitivitv ic rnmn-Irtn ;t u A ' 71,15 1S more easd y viewed in Fieure 5 
the ultraviolet regime. ty * C ° mpared Wlth lhat ot P^ous NASA/ESA survey miss^in 

5.0 ORBIT AND SPACECRAFT CONSIDERATIONS 

In considering the possible mission concents for r ttet u 

return would be realized from a high Earthwbiting mission concluded that the maximum science 
rmssion from both spacecraft consideration? a^^ P roduc f lowest cost 

(HEO } for this mission are numerous. Sub-aresecond atdtude rnm J ad ^ anta ? e s of high Earth orbit 
the thermal environment is much more stable vie lHina o °?\ tro 1S substantially easier to achieve- 

for the support of the science payload (spacecraft nnrf Stab e ° ptlCaI system * and the overall cost 

equivalent low Earth orbit mission (LEO) The twn h* P ,/" a IOnS conce Pt) ls significantly lower than an 
LEO mission are weigh, and S2ta£ d S3 i / aH E° wuh reaped 

becoming a mmor problem due ,0 ihe availability of lighiweighfmS S 

L^nS itTunttsSo w'Scemrid^oAil i s T" d mass of the s P^raft and the type of 

orbital energy from the Moon. The drawback tolhis orbh is .S? ^ HEO ' s because if draws 

problem because of the large apogee distance (f>0 F-inh a* P roduces a potential communications 
this communication problem, butrequires much mom A 8 eosynchronou s orbit would remove 
does the lunar assisted orbit. As the LITE mission definition 2 ™? mSert a s P5 cecraft int0 th is orbit than 
and the most appropriate orbit will be seared definit,on ma *res, specific orbit trades will be made 

attitude control in this HEO environment ^"relativeW e»*i S Fortunatel y. the required level of 

disturbances (e.g. gravity gradient or aerodynamic dll) ft beC3USe ° f the lack of externaJ 
such a mission a spacecraft body stability of 0 2" M siemA d f > l ? 10n5t ^ ted (analytically) that for 
gyro-less mode. With currently expected improvementsT^nr J 0SSlb 6 Wlth CUITent technoI ogy in a 
performance gyros , spacecraft L&y for ESSSS 


6.0 


LITE MISSION PARAMETERS 


study phase kITE ™ ,ssi0a is pan of the continuing 
following parameters: P xperience and informed estimates we can predict the 

Size and weight : Using the FUV f/is s r ttp to ia . 

mounted within a structure of size 2 5m x f 2m x 1 ?m a? 6 • des, £ l n ’ the scie nce payload could be 

by a minimum of 25%, and the telescone cfmrn.IliT ' Assumin § (he primary mirror is weight relieved 
that the weight of the science instruments plus assochtS^J 0 ^ tr ° m carbon flber rod s, we estimate 
present LITE design would be well ,“£d to ~ 360 k S‘ Tb ns, our 

capabilities of the OSC Taurus launcher. ype aunc ^ vehicle, comparable to the 

numbers for the n inStrumeat elec tronics is based on 

detector systems. We have estimated a 50-50 sha?e h^wein ?' g ° n , - the Shuttle - and ^ SOHO 
that the total mission power requirement would L ^^tts 1 mStrument sources, such 
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tave"n‘orbU wh“ ‘‘’toexSlf 'im.fnT* 5 ' iS ^ “^T 1 from ^ of LE0 ' 11 is Possible ,o 
transnond^ rsw ^., ^ JT’ ground passes are typically of order 8 hours. Using standard 

rwicdhL* t^ fS i^ W ’ ^ band ^’ and a high gain antennna transmitting to the Wallops 18m dish it should he 
^mmZ e onb^ 0t UP 10 ^ bit/SCC - By da “ impression 

Photon H ? , memory and memory management stategies to select between images mode 

and photon list mode data storage, this should suffice for most LITE observational programs. g 

^YWeUhTrnTr J^v LI T? S c ie nce Team consists of Dr. O.H.W. Siegmund, Dr. P Jelinsky Dr 

Prof^E.L^Wrighl^ 60 ^ ^ P ^ 
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